Objectives To review the published literature examining the impacts of the Aral Sea disaster on children's health. Methods A systematic review of the English language literature. Results The literature search uncovered 26 peer-reviewed articles and four major reports published between 1994 and 2008. Anemia, diarrheal diseases, and high body burdens of toxic contaminants were identified as being among the significant health problems for children. These problems are associated either directly with the environmental disaster or indirectly via the deterioration of the region's economy and social and health care services. While links between persistent organic pollutant exposures and body burdens are clear, health impacts remain poorly understood. No clear evidence for the link between dust exposure and respiratory function was identified. Conclusion While important questions about the nature of the child health and environment relationships remain to be answered, the literature unequivocally illustrates the seriousness of the public health tragedy and provides sufficient evidence to justify immediate action. Regrettably, international awareness of the crisis continues to be poor, and the level of action addressing the situation is wholly inadequate.
Introduction
The population living in the Aral Sea area is facing a multitude of environmental problems stemming from what is considered to be one of the worst ecological disasters the world has seen (Micklin 2007; Small and Bunce 2003; Glantz 1999) . It was only after the collapse of the Soviet Union in 1991 and the subsequent formation of newly independent Central Asian governments that travel to the Aral Sea area became possible, and the world began to learn the extent of the devastation. Decades of destructive agricultural practices and general environmental mismanagement led to the disappearance of what was once the fourth largest inland body of water in the world, combined with the contamination of the air, soils and water with toxic agricultural chemicals (Micklin 2007) . The environmental problems in the region have had significant public health impacts exacerbated by the breakdown of the health care and social security systems and the rise in unemployment and poverty that were associated with the loss of Soviet support (Carpenter et al. 2006; Glantz 1999) .
The roots of the demise of the Aral Sea are complex but well understood. At the height of the Cold War in the 1950s the Soviet government was eager to gain self-sufficiency in cotton and imposed 'modern' cotton farming methods to achieve this goal. Known by the Soviets as ''white gold'', cotton was a highly strategic crop considered necessary to outfit a rapidly expanding military (Small and Bunce 2003) . Central Asia was considered the ideal region for cotton agriculture, with its warm climate and large, exploitable population and abundant water source, namely the Amu Darya and the Syr Darya Rivers which feed the Aral Sea. By diverting massive quantities of water away from the Aral Sea into an expanding network of irrigation canals, the region quickly became one of the world's largest cotton producers; however, the environmental impacts have been enormous (Glantz 1999; Abdullayev 2010) . Since the mid 1960s, the sea has been steadily receding to the point that the sea today covers approximately one-fifth of its original area, and Muynak for example, which was once a major fishing port and tourist destination, is now over a hundred kilometers from the coast. The salinity of the sea water has increased by more than ten times in some areas, and the sea itself is dead (Micklin 2007) , and the salinization of agricultural land resulting from over-irrigation as well as the wind transport of salts from the exposed sea bed has severely impacted ground and surface water quality and reduced agricultural productivity (Bosch et al. 2007; Glantz 1999; O'Hara et al. 2000) . Concomitantly, decades of chemical-dependent agricultural practices have resulted in high levels of toxic pesticides in the local environment and in the population living there (Muntean et al. 2003) .
The population living in the Aral Sea area faces numerous health issues, with high rates of anemia, cancers, respiratory illness, and birth defects being among the most commonly reported health problems (Kaneko et al. 2002; Ataniyazova et al. 2001; Giebel et al. 1998; Hashizume et al. 2003; Kunii et al. 2003; Zaridze et al. 1992; Crighton et al. 2003b ). These conditions have been linked either directly or indirectly to the areas environmental degradation. While the population as a whole has been affected, physiological, behavioral, and metabolic characteristics, combined with the immaturity of organs and systems make children particularly vulnerable to contaminants and increases their likelihood of exposure (Carpenter et al. 2006) .
While local residents and scientists have long claimed that the environmental problems have been significantly affecting their health, limited empirical evidence of the relationships combined with a general disinterest in the disaster internationally have been cited as barriers to action (Small et al. 2001) . While the evidence base remains underdeveloped along with the international interest in the disaster, significantly more is now known since studies first began being conducted and published in the early 1990s. No review of extant studies has been undertaken to date. Therefore, the main objective of this review was to assess what is known from the English literature about the relationship between children's health and the environmental problems in the Aral Sea area in an effort to encourage research where questions remain, and action where none is being taken.
Methods
The geographic region commonly referred to as the Aral Sea area includes Uzbekistan's Karakalpakstan, a semiautonomous republic, and Khorezm Oblast (state), the Kazyl Orda region of Kazakhstan, and North-western Turkmenistan (Fig. 1) .
Standard search engines, specifically Medline, SCOPUS, Geobase as well as Google and Google Scholar, were used to conduct a systematic literature search. Searches were limited to English language publications covering the period from March 2010 going back to 1985, 7 years before the earliest previously identified publications, and 6 years before foreign researchers were typically able to gain access to the region. Search terms included geographic locations and health conditions. The following place names were used as search terms: Uzbekistan, Karakalpakstan, Kazakhstan, Turkmenistan, Aral Sea, Kazyl Orda, and Khorezm Oblast. These locations encompass what is commonly referred to as the Aral Sea area (Fig. 1 ). One problem with using place names as search terms is the range of English spellings that exist. To address this issue, any new spellings that were identified as the search progressed were incorporated into the search criteria, and searches were redone. Health-related search terms ranged from very general terms, such as health, disease, illness, morbidity, and mortality, to specific health conditions. The choice of the latter was an iterative process based initially on discussions with health experts familiar with the situation, with additional terms being added as the search evolved. Experts from international non-governmental organizations (NGOs) working in the region including UNICEF, Médecins Sans Frontières (MSF) and the World Health Organization (WHO), as well as from local NGOs, governments, universities, and hospitals were consulted during a visit in 2008 to Uzbekistan and Karakalpakstan in an effort to identify additional reports and ongoing research.
The review itself was limited to empirical studies of populations living in the Aral Sea area (as defined above) that directly or indirectly address children's health and examine health conditions that are plausibly linked to the Aral Sea environmental situation, whether identified in the paper or not. The literature included for review did not have to be peer reviewed but was required to have a clear statement of objectives, be explicit about methodology, and include results supported by tabular or other forms of data presentation, and therefore be amenable to critical appraisal. These somewhat loose criteria led only to the exclusion of gray literature (magazine and newspaper articles), NGO promotional material, conference abstracts, and a small number of studies that focused exclusively on adults.
Results
Twenty-six articles or book chapters and four published reports published between 1994 and 2008 were identified that met our inclusion criteria. All but a handful of studies were published between 1997 and 2004 (Fig. 2) . The absence of publications in recent years that are specific to children or otherwise suggests that internationally sponsored health research in the area has all but ceased. From the published research, two sets of health problems can be described although they are not mutually exclusive. The first set are those which are indirectly linked to the environmental disaster via economic and social disruption, including high infant mortality, low birthweight, abnormal physical development, diarrheal diseases, and poor self-rated health. The second set are those that are hypothesized, at least by some of the authors, to be directly linked to the environmental disaster, specifically, anemia, respiratory diseases such as asthma and acute respiratory infection (ARI), high body burdens of toxic chemicals, hypercalciuria, and renal tubular dysfunction. Four published reports were identified for Uzbekistan, the goal of each being to assess the health of populations generally using a broad range of standard epidemiological measures. The first of these was the Uzbekistan Demographic Health Survey (UDHS) (Institute of Obstetrics and Gynaecology [Uzbekistan] and Macro International Inc. 1997). Using a national representative sample of 4,415 women reporting on 7,271 children, questions on subjects including fertility, maternal care, infant mortality, postnatal growth, and anemia, and data were analyzed regionally. Biodata on a subsample of respondents was also collected. The Uzbekistan Health Examination Survey (UHES) (Ministry of Health Republic of Uzbekistan 2004) was conducted in 2002 using a similar methodology to the UDHS but with a larger sample (n = 7,793 adults). Asthma, anemia, and nutritional status in children were among the health conditions examined. Region-specific data for many conditions were not reported here. Two major studies called the Multiple Indicators Cluster Survey (MICS) (UNICEF 2000 (UNICEF , 2006 have been carried out by UNICEF, the Government of Uzbekistan. The first of these (UNICEF 2000) employed a nationally representative, multistage probability sampling strategy to obtain a sample of over 5,300 households distributed across five survey regions, one being Karakalpakstan and Khorezm Oblasts combined. Indicators of children's health included birthweight, frequency of diarrhea, and ARI. The 2006 MICS (UNICEF 2006), although larger (n = 10,198 households), focused on health care-related indicators. Questions about diarrhea were asked, but not reported regionally.
Infant mortality
Infant and under-five morality rates refer to the likelihood of a child dying before their first and fifth birthdays, respectively. Of the Uzbek national surveys, only the 2006 MICS provides data broken down regionally. In Karakalpakstan and Khorezm, infant mortality and under-five mortality were 56/1,000 and 65/1,000, respectively. Across the Uzbekistan study regions, rates vary between 28/1,000 and 63/1,000 for infant mortality, and between 31/1,000 and 76/1,000 for under-five mortality.
Birthweight and post-natal growth All of the Uzbek national health surveys mentioned above examined physical development indicators, including birthweight, weight-for-age, and height-for-age. From the UDHS (Institute of Obstetrics and Gynaecology [Uzbekistan] and Macro International Inc. 1997), no notable difference was identified between the Karakalpakstan/ Khorezm study region and other regions in the country for percent of children born weighing less than 2,500 g (defined as low birthweight). With regards to height-forage, over 26% of children from Karakalpakstan/Khorezm were found to be moderately to severely stunted (defined as -2 standard deviation units from the median WHO international reference population). Although this figure is high, it is somewhat less than what was reported nationally (31%). The UHES (Ministry of Health Republic of Uzbekistan 2004) results suggest that Karakalpakstan/Khorezm children under 5 years on average fared the same or better than other study regions for height-for-age, weight-forheight, and weight-for-age. From the MICS (UNICEF 2000 (UNICEF , 2006 , we see conflicting findings. In Karakalpakstan/Khorezm in 2000 (UNICEF 2000), 9% of children born within 12 months of the survey were low birthweight defined as being born under 2,500 g as compared to 6.0% for Uzbekistan as a whole. In 2006 (UNICEF 2006) , the Karakalpakstan/Khorezm study region had the lowest percentage of children born under 2,500 g.
Diarrheal disease
Diarrheal disease represents a significant cause of morbidity and mortality in the Aral Sea area, particularly among children (Semenza et al. 1998; Herbst et al. 2008; UNICEF 2000) . Four studies that examine diarrheal disease were reviewed ( Table 1 ). The first available data on this condition came from the UDHS (Institute of Obstetrics and Gynaecology [Uzbekistan] and Macro International Inc. 1997), where it was reported that over 8% of children under 3 years in the Karakalpak/Khorezm study region had experienced an episode of diarrhea in the previous 2 weeks as compared to just over 5% nationally. Similar findings were reported in the first MICS study (UNICEF 2000) . Herbst et al. (2008) in a study of diarrheal incidence in Khorezm found incidence rates for children under 2 years of age to be above the median estimates for low-income countries globally and that rates were associated with feces-contaminated drinking water and sanitation-related behavior. Semenza et al. (1998) in an intervention study conducted in Nukus, the capital of Karakalpakstan, found that individuals using home chlorination had diarrheal illnesses at rates well below those not using home chlorination regardless of the source and conclude that the existing water treatment and distribution infrastructure does little to reduce the risk.
Persistent organic pollutants (POPs): exposures and body burden Persistent organic pollutants (POPs) as well as heavy metals found in agricultural chemicals have been reported to be present at high levels in the Aral Sea area environment, local foods, and in the population (Table 2) , and are understood from other contexts to pose significant health risks to children, affecting reproductive, endocrine and immune systems, pre-and post-natal growth, and neurological development (Ritter et al. 1996) . The earliest identified study on POP body burdens in the Aral Sea area was conducted by Petreas et al. (1996) , who, in response to reports of declining breast-feeding rates associated with mother's concerns about chemical contamination, examined levels of contaminants in breast milk and various foods including fish and dairy products. Results showed that breast milk samples taken from agricultural areas of Southern Kazakhstan had highly elevated levels of highly toxic compounds including 2,3,7,8-tetrachlorodibenzo-pdioxin (TCDD), a by-product of many common agricultural chemicals. Jensen et al. (1997) , in a study comparing Kazakh children living near the Aral Sea and hospitalized for 'ecological diseases' and reference populations of comparable age from Europe and Almaty, found that levels of polychlorinated biphenyls (PCBs), dichlorodiphenyldichloroethylene (DDE) and dichlorodiphenyltrichloroethane (DDT) compounds in blood lipids to be significantly higher among the hospitalized children. While these findings are important, the comparison of children with symptoms of 'ecological diseases', to those without, is problematic. Hooper et al. (1997) examined levels of PCB's and organochlorine residues in the breast milk of donors living near Aralsk, Kazakhstan. While levels of DDE, DDT, and PCB were comparable to world averages, levels of beta-hexachlorocyclohexane (b-HCH) were among the highest reported in the published literature. Breast milk samples were also found to contain other dioxin congeners including the most toxic, TCDD, at levels that are among the highest ever documented for populations of reproductive age (Hooper et al. 1998; Lutter et al. 1998) . Arsenic, sodium, mercury, bromine, and nickel are among the other compounds identified as being significantly higher in children living near the Aral Sea area Erdinger et al. 2004 ). The single body burden study in Karakalpakstan was conducted by Ataniyazova et al. (2001) . Here, tests to measure metals, persistent organochlorine pesticides (OCPs), and dioxins were done in cord blood, blood from pregnant women and in breast milk, from subjects living in close proximity to the Aral Sea. Similar to the results reported in Kazakhstan, findings revealed significantly elevated levels of b-HCH, DDT and DDE, and TCDD levels six times higher than those found in Western Europe and among the highest levels in any country in the world.
In an effort to understand the source of the high contaminate body burdens, a number of studies have also examined levels of POPs and agricultural chemicals in the food chain. Muntean et al. (2003) tested samples of foodstuffs commonly produced and consumed in Karakalpakstan. Findings revealed elevated levels DDE and TCDD, with the highest levels of contamination in foods with elevated lipid content such as sheep, eggs, and cottonseed oil. Hooper (1999) had similar findings in a Kazakh context with the highest levels being reported in foodstuffs sourced from cotton-growing areas.
In the single study examining health outcomes associated with contaminate body burdens, Mazhitova et al. (1998) tested the relationship between blood levels of polychlorinated organic compounds to growth and thyroid hormone status in hospitalized Kazakh schoolchildren from the Aral Sea region. Findings revealed an inverse correlation between body mass index (BMI) with total PCB, DDT, and DDE concentrations, but not with b-HCHs. Levels of insulin-like growth factor-1 (IGF-1) were reduced to the same extent as BMI. The authors propose that PCBs and DDTs may affect the body's ability to absorb nutrients, thereby leading to malnutrition.
Respiratory disease
The retreat of the Aral Sea has exposed the former sea bed to significant winds that have led to airborne dust deposition rates that have been found to be among the highest in the world (O'Hara et al. 2000) . Dust (PM10 or smaller) exposure has been hypothesized to be a potential risk factor for ARI, asthma, and other respiratory problems, conditions which have been examined in several studies in the Aral Sea area (Bennion et al. 2007 Table 3) .
The UDHS (Institute of Obstetrics and Gynaecology [Uzbekistan] and Macro International Inc. 1997) reported that the percentage of children under 3 years with cough and rapid breathing (symptoms compatible with ARI) over a 2-week period was 3.8% compared to 1.2% nationally. The MICS (UNICEF 2000) found negligible rates of ARI symptoms (\1%) although this study was conducted in the summer when respiratory infections are typically at their lowest. Ubaydullaev and Uzakova (2002) , in a survey covering three regions in Uzbekistan including Karakalpakstan, reported that nocturnal asthma rates were highest in Karakalpakstan, but lower for all other symptoms. From this latter study, no information on sample selection is provided, and while it is indicated that clinical and laboratory data were collected, none is presented. Kunii et al. (2003) examined an 'exposed' group of children close to the Aral Sea in Kazakhstan and an ageand sex-matched comparison group living far from the sea. Prevalence of current cough and wheeze, and restrictive pulmonary dysfunction were higher in the exposed group, and the percentage of predicted forced vital capacity was lower. No significant differences for other symptoms were What have we learned? 131 identified. Bennion et al. (2007) examined lung function and respiratory symptoms of children across Karakalpakstan and found significant geographical variation in these outcomes, but no significant associations with dust deposition. Overall, the evidence that respiratory health has been affected by environmental exposures in the Aral Sea area remains inconclusive.
Hypercalciuria, urolithiasis, and renal tubular dysfunction
Exposure to the Aral Sea area's highly salinized environment (Abdullayev 2010) has been reported to be associated with a number of health problems including hypercalciuria-high levels of urinary calcium (Ca) and sodium (Na) excretion (Abdullayev 2010; Kaneko et al. 2002) ; crystalluria-the formation of crystals in the urine and a precursor to urolithiasis (Arustamov et al. 2001) ; and urolithiasis-the formation of urinary calculi or 'stones' in the urinary tract (Arustamov et al. 2001) . Hypothesizing the relationship between crystalluria, urolithiasis and high levels of Ca, Na, and other dissolved solids in drinking water, Arustamov et al. (2001) recruited a random sample of 1,817 residents in a 'typical settlement' in Khorezm (Uzbekistan; Fig. 1 ) for interviews and urological examinations. Results for adults showed rates well below those identified in other local data.
Between 50 and 85% of children were identified as having crystalluria, but no comparative rates were provided. Kaneko et al. (2002) undertook a study in August 2000 examining the prevalence of hypercalciuria in a random sample of school-aged children living near the Aral Sea (Karalinsk) and in a Kazakh reference group living far from the sea. Findings revealed hypercalciuria in almost 40% of children in the Aral Sea group compared to 13% in the reference group. While salt intake via water, salty dust, and food is one possible cause of increased urinary Ca and Na excretion, another is renal tubular dysfunction-related toxic chemical (e.g. lead and cadmium) exposures (Kaneko et al. 2003) . To test this, Kaneko et al. (2003) examined the same urine samples from their 2002 study for NAG (N-acetyl-b-Dglucosaminidase) and BMG (b 2 -microglobulin) to identify renal tubular dysfunction. Findings confirmed significantly higher rates of dysfunction among those living near the Aral Sea, but elevated levels of cadmium and lead were not found ) ( Table 2 ). While the cause of renal tubular dysfunction in this context remains unclear, the authors stress that it should be taken very seriously given its relationship to developmental delay (Kaneko et al. 2003) .
Childhood anemia
Childhood anemia is acknowledged to be a significant and growing health problem among children in the region and is hypothesized to be associated with a number of factors, including iron deficiencies and environmental exposures . Six studies examining anemia among children living in the Aral Sea area were conducted (Table 4) . Morse (1994) , conducted a cross-sectional survey in Muynak (Karakalpakstan) backed by standardized laboratory data of a random sample of children under 5 years of age and found that 70.4% had nutritional anemias. Similar rates were identified among children in Muynak by Giebel et al. (1998) whereby iron-deficiency anemia was again found to be the most common etiology. According to these results, Muynak has among the highest estimated prevalence rates of childhood anemia in the world. The UDHS (Institute of Obstetrics and Gynaecology [Uzbekistan] and Macro International Inc. 1997) rates among children in Karakalpakstan/Khorezm were found to be well above those for Uzbekistan as a whole. Hypothesizing a relationship between anemia and environmental contaminate exposures, Hashizume et al. (2003) examined anemia and iron deficiency among schoolchildren in two districts in Kazakhstan and found rates to be significantly higher in the district adjacent to the sea, and iron deficiency anemia constituting only a third of all cases. The authors suggest potential causes of anemia here to be micronutrient status, parasite infestations, hereditary disorders, and exposure to environmental pollutants. By examining dietary and hematological data in a sub-sample of the same population, it was found that iron intake was adequate, but that bioavailable iron intake was well below metabolic requirements when inhibitors of absorption common in the Kazakh diet (e.g. black tea and whole grains) were considered . While there are a number of limitations to this study, including a small sample size and the algorithms for assessing bioavailability used, the authors are correct in suggesting that iron fortification or supplementation programs alone may not solve the anemia problem in the region.
Self-rated and psychosocial health
Three studies were identified that addressed self-rated and psychosocial health issues: Ministry of Health Republic of Uzbekistan 2004; Crighton et al. 2003a, b. In the UHES (Ministry of Health Republic of Uzbekistan 2004), mothers were asked to rate their child's (under 5 years of age) general health on a scale ranging from excellent to poor. 'Excellent' to 'very good' health was least commonly reported by mothers in Karakalpakstan/Khorezm compared to the other study regions (5 vs. 15-25%); however, levels of 'fair to poor' health were comparable at approximately 10%. Studies by Crighton et al. (2003a, b) examined the psychosocial health and the effects of psychosocial factors and environmental perceptions on self-rated health in What have we learned? 133 Karakalpakstan. Self-rated health was assessed in May 2008 using a questionnaire on 881 randomly selected individuals from three communities. Here 55% reported 'fair' or 'poor' self-rated health, 41% of respondents reported significant environmental concern, and 48% were identified as emotionally distressed. Environmental concern was found to be significantly related to self-rated health and psychosocial health impacts. While these studies were focused on adults, making comparisons to the UHES difficult, questions about environmental concern and health problems were asked in the context of their families, thereby justifying their inclusion in this review. Overall, the results from these studies suggest that levels of selfrated health in Karakalpakstan and Khorezm are low relative to other parts of Uzbekistan and certainly well below what is found in Western Nations (Crighton et al. 2003a ).
Discussion
From this review, the following conditions among children in the Aral Sea area were identified as being significant health issues: anemia, diarrheal diseases, hypercalciuria, renal tubular dysfunction, and high body burdens of persistent organic pollutants. The literature also indicates that infant mortality and under-five mortality rates are high compared to Uzbekistan as a whole, and to other countries at similar levels of development. On the other hand, respiratory function and various child development indicators were not found to be significantly worse in the Aral Sea area. Before the major research findings are discussed, there are a number of limitations to this review that require some mention. First, while this review can be considered comprehensive for the literature published in English, research on the health of the Aral Sea population published in other languages have not been reviewed here. Another limitation relates to the reliability of the data in the national health reports, including the UDHS (Institute of Obstetrics and Gynaecology [Uzbekistan] and Macro International Inc. 1997), MICS (UNICEF 2000 (UNICEF , 2006 , and the UHES (Ministry of Health Republic of Uzbekistan 2004), where the Uzbekistan government played some role. While we cannot provide proof here that results have been 'adjusted' to suit government interests, enough concerns have been raised by international and local experts (interviews conducted by Crighton in 2008 with local researchers, NGO, and Ministry of Health representatives in Karakalpakstan) and NGO reports (Médecins Sans Frontières 1999; 2004) that some skepticism of the data is warranted.
Anemia rates have been consistently reported to be very high in the Aral Sea area and can be linked indirectly to the region's environmental problems. Anemia is caused by poverty and a diminished diet associated with the collapse of the fisheries and agricultural decline. Other dietary practices including the consumption of black tea and whole grains, known iron absorption inhibitors, are also likely to play a role . Direct links that have been hypothesized include parasite infestations and exposures to environmental contaminants although there is little evidence in the literature reviewed here to suggest these are significant factors. While anemia rates are particularly high in these studies, levels are a concern all over Central Asia ; Institute of Obstetrics and Gynaecology [Uzbekistan] and Macro International Inc. 1997). Further, anemia should be considered a particularly important issue in contaminated environments such as this as it can lead to increased susceptibility to poisoning from heavy metals, including lead, and can have an adverse effect on the immune system (Turgut et al. 2007; Wintergerst et al. 2007 ).
The literature is consistent in its reporting of high childhood diarrheal disease rates in the Aral Sea area. With the MICS (UNICEF 2000) and the UDHS (Institute of Obstetrics and Gynaecology [Uzbekistan] and Macro International Inc. 1997), reporting rates were well above the national average. In the case of the latter study, 8.6% of children under 5 years of age were reported to have had diarrhea in the past 2 weeks as compared to the national rate of 5.3%. High rates are indentified to be associated not only with the quality of the source drinking water but also with the quality of the piped water system, in-house sanitation, and household water-storage practices (Herbst et al. 2008; Semenza et al. 1998) . The former relates directly to environmental conditions in the region that require sustainable water management strategies to address agricultural chemical and bacterial contamination run-off. Government actions in recent years have largely focused on the expansion of the piped water system although this is both expensive and prone to contamination due to low-pressure poor system maintenance, and does not benefit children outside major centers. Small-scale water treatment options (e.g. home chlorination, solar distillers, etc.), improved sullage disposal options, and basic hygiene education are among the alternative and more cost-effective solutions proposed in the literature (Herbst 2006; Semenza et al. 1998) .
The environmental issue that has received the most attention in the literature relates to POPs. Results are consistent in demonstrating that levels of PCB, DDT, TCDD, and other highly toxic substances are present in children's blood and breast milk at levels many times higher than any regional or international comparison groups. Studies have also found high levels of many of the same pollutants in various foods produced in cotton agricultural areas near the sea. While exposure and body What have we learned? 135 burdens are relatively well understood, the health impacts are not. One study conducted in the Aral Sea context identified an inverse correlation between body mass index (BMI) with total PCB, DDT and DDE blood levels (Mazhitova et al. 1998) . In other contexts, these contaminants have been found to negatively affect brain and motor skills development, pre-and post-natal growth, altered sex ratios, and respiratory health in children (Beard 2006; Ritter et al. 1996) . The literature suggests that respiratory disease and respiratory function as well as measures of development and growth including low birthweight, height-for-age, weightfor-height and weight-for-age are comparable to other areas of the county. In the case of development and growth indicators, local level analysis is required to determine if there are areas within Karakalpakstan where problems exist. As for respiratory diseases, although the evidence was not found to clearly support a relationship between dust exposure and respiratory function among children, it could be expected that lung function is affected by long-term exposures and therefore more likely to impact adults.
Tuberculosis, in particular its multi-drug resistant (MDR) and extreme drug resistant (XDR) strains, represents one of the most significant infectious disease issues among adults in the region today (Cox et al. 2007) . TB is also an excellent marker of poverty and therefore as an indirect link to the disaster. While childhood TB has not been studied in the area, there is reason to believe that rates are also very high among children (Brent et al. 2008 ) and therefore warrants some mention. According to Zager and McNerney (2008) , Karakalpakstan ranked third highest internationally for MDR-TB rates. More recently it was reported that 6% of TB patients in one study in Karakalpakstan were XDR cases (Cox et al. 2007) . High rates of TB cannot be blamed directly on the environmental problems in the region; however, in contexts of environmental degradation, poverty, and overstretched health care systems, as is the case in much of the Aral Sea area, diseases like TB commonly flourish.
There remain many gaps in our understanding of the relationships between the Aral Sea environmental disaster and child health as this review has illustrated. Potential research questions that need to be addressed include the following: What are the health impacts of long-term ingestion of saline drinking water? What is the relationship between irrigation with sewage-contaminated surface water, helminthic diseases, and child malnutrition? What are the long-term impacts of dust exposure over the life course, and how and to what degree has child health been impacted by toxic agricultural chemicals in the environment? Unfortunately, the work to answer many of these questions has all but ended if the trend in publishing child health research is any indication (Fig. 2) . The last identified studies were published 2008, and according to interviews conducted that year by Crighton with local and international researchers as well as NGO and Ministry of Health (Karakalpakstan and Uzbekistan) representatives, there was little evidence of planned or ongoing research. Explanations for why this is the case include the expulsion of many international NGOs from Uzbekistan several years prior, tightened regulations for those that were allowed to remain, and the denial of access to research funds for local NGOs from international donor agencies. Local resources for environmental monitoring and environmental health research were also reported to be increasingly limited.
While national policies are partly to blame for the lack of research going on today in the region, we would remiss to not also point the finger at the international community of health researchers for not advocating for more health research here. If, as the science shows, children in this area have some of the highest recorded body burdens of POPs, then answers to critical questions of global importance could be addressed by taking this population seriously. We must also ask ourselves why the international community has been so negligent for so long about the environmental situation in the region and the health impacts it is having. While some successes in Kazakhstan are now being realized with the help of World Bank funds used to build a dam to rehabilitate the small Aral in the North, few similar efforts have been made elsewhere. The blame for inaction must also be placed on region's governments-Turkmenistan and Uzbekistan are among the only half a dozen nations that have not signed the Stockholm Convention on Persistent Organic Pollutants (UNEP 2008) or taken steps to limit childhood exposures.
Conclusion
The objective of this review was to assess what is known from the English literature about the relationship between children's health and the environmental problems in the Aral Sea area. While the body of literature examining this relationship has grown considerably over the past two decades, the research momentum that began in the 1990s has all but disappeared, leaving many questions unanswered. Despite this, we have known enough for many years to warrant immediate action to address many of the major child health problems including anemia, high body burdens of POPs, diarrheal disease, and hypercalciuria. Regrettably this knowledge has not translated into action (Small and Bunce 2003) . It will only be through more concerted efforts at the level of the international community and co-operation at the level of the region's governments that we can hope to see change. Knowledge has its limits.
